In this paper level control for a quadruple-tank process with variable nonlinear zero dynamics is considered. This provides a nice benchmark problem that illustrates some of the challenges posed by complex interconnected systems for linear design paradigms. A Quantitative Feedback Theory (QFT) methodology is used to provide robust control of the water level in the lower two tanks. The linear design is validated on the nonlinear system model.
I INTRODUCTION
This paper considers a benchmark example of dynamic control for an 'interconnected' system, one where dynamic behaviour at the output is the product of a 'system' of systems. The objective of the work is to demonstrate the non-trivial robust performance questions that exist for this deceptively simple problem. These questions have significant implications regarding the analysis of more realistic, i.e., higher order, possibly non-linear, systems that may be required to adequately reflect the dynamic behaviour of the actual system. The quadruple-tank process of Figure 1 
The objective is now to design a feedback compensator, G(s) and a pre-filter, F(s) to meet the desired tracking error specification, Ed(s) given by equation (8) (9) the MIMO problem of equation (8) being therefore transformed to the following equivalent SISO problems. Figure 2 . The real tracking error specification, E(s) is defined as the magnitude of difference between the reference model, M(s), and the TFM of the controlled system, Tm (s) , as given by equation (7). Therefore, in order to achieve robust performance bounds for each equivalent SISO problem, it is sufficient to select an appropriate output disturbance rejection model, TDi (s) , such that:
where COh is the bandwidth frequency.
A robust stability bound with margins ITii (ji)I = Ili (jw)/(l + ii (ji))l 5ii
(1 1)
should be taken into account at higher frequencies,
i.e., C . wh In equation (12) li (s) = qii (s)gii (s) and represents the i-th loop function. 5ii is also constant and denotes acceptable overshoot in the frequency domain. Using the MATLAB® QFTToolbox [2] , and based on equation (11) and (12), the permitted bounds on the loop function can be generated to design a feedback compensator for each equivalent SISO problem. In order to achieve robustness, the feedback compensator is designed so that the loop function satisfies a sufficiency condition that at each frequency it does not intersect the critical point (-180°,OdB) and does not enter stability U-Contours on the Nichols Chart. Step 2: Disturbance rejection model and robust stability margin Figure 4 shows the desired sensitivity constraint within the performance bandwidth for each equivalent SISO problem according to equation (9). Since the plant is symmetric, the sensitivity constraints are similar for both SISO loops. The following output disturbance rejection model has been selected such that equation (11) Step 3: Feedback compensator design
Using the MATLAB® QFT-Toolbox, the related design bounds are generated for each equivalent subsystem, for a finite number of frequencies. The composite bounds are illustrated in Figure 5 . The feedback controller should be designed so that the loop ftinction, li(s) lies above the design bounds and does not enter a U-contour. Figure 5 shows that the following controller satisfies the design bounds. Step 4: Pre-filter design By selecting fij (s) =0, equation (9) -120 -100 -80 -60 -40 -20 0 phase degree Step 5 
V CONCLUSION
In this paper the QFT design paradigm has been considered for a benchmark quadruple-tank process.
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